Abstract. Correlation calculation plays a very significant role in many scientific fields such as signal processing and string matching. Finding a faster and reliable correlation calculation is very helpful to improve the performance of the system. This paper applies a sub-linear time complexity correlation algorithm proposed in [1] from a MIT research group to a passive radar system to realize the real-time track of aircrafts, which makes the system more effective. Also this paper makes experimental analysis to this algorithm from the parameter properties, time complexity and anti-error, which proves that the time complexity of the algorithm is much lower than the traditional FFT algorithm, which is a very big advantage.
Introduction
Correlation calculation plays a very significant role in many scientific fields, such as signal processing, cryptography and string matching, which means an excellent correlation algorithm has a great value in scientific application. With the development of communication technology, the amount of correlation calculation grows rapidly which the request of real-time performance is higher in the computational system, which makes finding a faster and reliable correlation system a very important research subject. Especially it has a great value in passive radar system to track and find the target to achieve the real-time surveillance.
We all know that traditional correlation algorithm based on FFT can reduce the time complexity of correlation to O(NlogN), which improves the computational efficiency. But it is still a linear complexity algorithm and it can't meet the demand of real-time calculation in many applications.
In ). It has a great value in various applications of scientific and technological fields. This paper applies the algorithm to a passive radar system and improve it, which indicates the good performance of the algorithm to track the target of aircraft in real time.
Brief Introduction of the Sub-linear Algorithm [1]
The core of the algorithm proposed in [1] is "folding". Assuming that we have to do a calculation of two data code vectors c and x , the lengths of which are both N, and we have that:
(1) That is, x is the τ -shift of c together with a white noise code vector g . The meaning of the folding is: we separate the data code c into p groups, for each group we add the N / p points of data together and use the sum to represent the group. The p sums form a new folding code vector c(p), that is similar with x(p). c .To ensure the time complexity of the whole algorithm is sub-linear, we just use part of the points of (p) x and (p) c to do the correlation. After that, we can search the final result among the p possible shift ' j t = t + j N / p , j {0,1,2,...,p-1}   by doing correlation of x and c, using part of points of them. The whole math description of the algorithm is that:
We have x and c, (p) x and (p) c , let = N / p l , l is an integer. For each of the element of (p) c , we have that folding sum:
We have the set X {0,1, ... , N -1}  ,and we define X | c as the projection of the data c in the set X (e.g. If X {5,7,15}  ,then X
), and it can be described as the following:
, and set X = {0, .
, and we have the set:
3) For every possible shift t {0,1,2,..., -1} l  in the first step, we have:
And we can see that X {Y -t}  is the set of coordinates of points selected to do correlation. 4) We can get the first shift: ), which is sub-linear.
Experimental Analysis of the Sub-linear Algorithm
We have done a lot of experiments of this algorithm proposed in [1] and experimental analysis is presented in this paper in the following three aspects:
1. The influence of folding factor p on the running time of the algorithm. For the comparison of the running time with the FFT algorithm. We do correlation calculation using both the sub-linear algorithm and the FFT algorithm in different vector N, and we can get the curves of the running time of the two algorithms.
We can see a giant advantage of the sub-linear time in running time complexity. The running time of the FFT algorithm is approximately 100 times than that of the sub-linear algorithm, which proves the potential value of this algorithm.
For the anti-error analysis, we do a lot of repeating correlation experiments in a certain SNR of the code and count the calculating accuracy of this SNR. We can get the curve of the calculating accuracy with SNR changing in the following Fig. 2 : Fig. 2 the curve of the calculating accuracy with SNR changing We can see that it has a certain performance of anti-error. And after the SNR falls down to -22dB, the accuracy decreases to its minimum.
The Application of the Sub-linear Algorithm in a Passive Radar System
In a passive radar system, in order to find the time delay and Doppler frequency offset to track the position and velocity of the aircraft, we have to do cross ambiguity function of the reflected signal from the aircraft and the reference signal by using broadcast satellite television signal as the 
